TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE AND METHOD OF MANO FACTORING THE 
SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This applica-tion is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2001-075511, filed March 16, 2001, the 
entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
1- Field of the Invention 

The present invention relates to a semiconductor 
device having an element isolation region and a 
transistor, and a method of manufacturing the 
semiconductor device, and particularly relates to a 
semiconductor device in which a contact is formed in 
the vicinity of the element isolation region and the ^ 
transistor and the method of manufacturing the 
semiconductor device. 

2, Description of the related art 

Conventionally, as for a semiconductor memory, an 
EEPROM (Electrically Erasable Programmable Read-Only 
Memory) in which data is electrically written/erased is 
known. In the EEPROM, a memory cell is arranged 
respectively at the intersection where a row line and a 
column line are crossed each other to form a memory 
array^ Generally, a MOS transistor having a laminated 



gate structure in which, a floating gate and a control 
gate are laminated is employed for a memory cell. 

As a method suitable for a memory having a large 
capacity among EEPROMs, a NAND type EEPROM as shown in 
FIG. 33 is Jcnown. Here, FIG. 31 is a view showing a 
cross section taken along the line XXXI -XXXI in 
FIG. 33, and FIG. 32 is a view showing a cross section 
taken along the line XXXII^-XXXII in FIG. 33. 

As shown in FIGS, 31 and 32, a plurality of memory 
cell transistors are connected in series in a memory 
cell array of a NAND type EEPROM^ and a drain s±de 
selecting gate transistor 53 is connected to its one 
side, and a source side selecting gate transistor 54 is 
connected to the other side. A well 51 is formed on 
part of a semiconductor substrate 50, and a plurality 
of element regions 55 in a stripe shape are formed 
therein. Each element region 55 is Isolated by an 
element isolation region 56. On each element region 
55, a plurality of cell transistors having a laminated 
gate structure are formed in a line along the extension 
direction of the stripe, and a plurality of cell 
transistors are arranged in a matrix shape on the 
entire surface of the plural element regions 55. 

As shown in FIG. 31, each memory cell has a gate 
electrode portion 52 formed on a gate insulating film 
57 located on the element region 55, and the gate 
electrode section 52 is configured by laminating a 
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floating gate electrode 58 which becomes an electric 
charge accumulation layer, an inter-gate insulating 
film 59, a control gate electrode 60 and a gate 
protection film 71. Furthermore, the control gate 
5 electrode 60 becomes, as shown in FIG- 33, a word lln© 

61 by being shared wirh the other gane electrodes In 
the row direction. 

In each element region/ a source and a drain of 
each memory cell are connected with each other via a 

10 source/drain diffusion layer region 62. In each 

element region, a source and a drain of each memory 
cell are a common region with a drain and a source of 
the adjacent memory cell, thereby connecting a 
plurality of memory cells in series to form one NAND 

15 cell (memory cell unit) in each element region. 

The drain side selecting gare transistor 53 and 
the source side selecting gate transistor 54 are 
connected, respectively, to one end and the other end 
in the direction of a bit line of each NAND cell (i.e., 

20 extension direction of stripe) . The respective 

selecting gate transistors 53 and 54 have a gate 
electrode formed on the gate insulating film 57^ and 
connected to the NAND cell via the diffusion layer 
region 62. Moreover, the selecting gate transistors 53 

25 and 54 are configured so as to be capable of applying a 

potential ro the floating gate electrode. The 
selecting gate transistors 51 functions in the same 



manner as a general MOSFET, and its laminated layer 
gate structure is similar to that of tiie memory cell 
transistor. 

Moreoverr a bit line contact diffusion layer 62 is 
formed on the side of the drain side selecting gate 
transistor 53 opposing to the NAND cell within the 
element region 55. A bit line contact 63 is connected 
to this bit line contact diffusion layer 62, This bit 
contact 63 is connected to a bit line 64. 

A post-oxidation film 65 is formed on the surfaces 
of the respective gates 52, 53 and 54. Then, a silicon 
nirride film 67 is formed on the surface of the post- 
oxidation film 65, rhe source/drain diffusion layer 62^ 
the drain contact diffusion layer 62, and a source 
diffusion layer 66 of the source side selecting gate 
54^ that is, on the diffusion layer 66 opposite to the 
memory cell. An interlayer insulating film 68 is 
formed on the surface of the silicon nitride film 67 
and further the surface thereof is flattened. 

Here^ the bit line contact 63 is formed in the 
gate insulating film 57, the silicon nitride film 67 
and the interlayer insulating film 68. The bit line 64 
is formed on the interlayer insulating film 68. The 
bit line 64 is independently formed in each NAND cell 
formed in parallel with each other in the direction of 
the column (i.e., extension direction of stripe). 

Moreover^ a source line (not shown) is connected 



to the source diffusion layer 66 formed on the side of 
the source side selecting gate transistor opposing to 
the NAND cell. The source line is formed on the upper 
layer above the gate electrode, the contact is 
connected to a layer portion (not shown) to which one 
end of the floating gate is ext ended r The source line 
is formed commonly in a NAND cell formed in parallel in 
the direction of the column. 

As shown in the cross sectional view shown in 
FIG, 32^ the plural element isolation regions 56 define 
the plurality of element regions 55 in the well 51 on 
the semiconductor substrate 50. The bit line contact 
63 is connected to the entire surface of the element 
regions 55 defined by the element isolation regions 56. 
The silicon nitride film 67 is formed on the element 
isolation region 56^ and the interlayer insulating film 
68 is formed thereon. The bit line contact is formed 
in the interlayer insulating film 68 and the silicon 
nitride film 67. The bit line wiring 64 is formed on 
the bit line contact 68. 

Next, a method of manufacturing a conventional 
semiconductor device shown in FIG. 31 through FI<5. 33 
will be described below with reference to FI<3, 34 
through FIG, 36, 

First/ as shown in FIG- 34, the element region 55 
surrounded by an element isolation region (not shown) 
is formed on the semiconductor substrate 50 made of 



silicon, the gate insulating film 57/ the floating gate 
electrode filra layer 58 and an inter-gate insulating 
film layer 59 are formed thereon, and the control gate 
electrode layer 60 and the gate protection film layer 
70 are deposited thereon. Subsequently, the ineiuory 
cell gate 52 and the selecting gates 53 and 54 are 
formed by patterning these layers using a lithography 
method and etching them. 

Next, the post-oxidization is performed and the 
post'^oxidization film 65 is formed around the gate 
electrode of the laminated structure . 

Then, the source/drain diffusion layer 62, the 
drain contact diffusion layer 62 and the source 
diffusion layer 66 are formed by performing the ion 
implantation of an impurity. 

After that, as shown in FIG. 35, for example, the 
silicon nitlride film 67 on the order of 40 nm in 
thickness, for example, is deposited. At this time, 
the silicon nitride film 67 is formed so as to also 
cover the gate electrode sidewall. 

Furthermore^ the interlayer insulating film 68 is 
deposited until it is embedded between the gate 
electrodes, and subsequently, the interlayer insulating 
film 68 is flattened by performing the re-flowing using 
a CMP (Chemical Mechanical Polishing) and a thermal 
processing. 

Next, as shown in PIG- 3S, a contact hole 71 for 



conract with the bit line contact diffusion layer 62 
adjacent to the drain side selecting gate 53 is formed 
in the interlay^r insulating film 68, the silicon 
nitride film 67 and the gate oxide film 57. 

Next, subsequently, a metal or a low resistive 
semiconductor is embedded in the contact hole 71/ and 
then, a semiconductor device as shown In FIG, 31 Is 
completed by forming metal wirings. 

As described above, in a conventional 
semiconductor device, after the formation of the gate 
electrode, the silicon nitride film 67 covering the 
entire surface is formed. The reason why the silicon 
nitride film 67 is needed will be described below « 

As Shown in FIG. 32 and FIG. 33, the bit line 
contact 63 is designed so that there is no margin with 
respect to the element region 55. Specifically, the 
bit line contact 63 is formed with respect to the 
element region 55 so as to fit the rim of its width. 
Note that there are some cases where the bit line 
contact 63 is designed so as to be wider than the 
element region 55. This is for the sake of being 
capable of diminishing the area of the cell array as 
narrow as possible. 

In the semiconductor device, it must be made so 
that the bit line contact does not penetrate within the 
element isolation region even when the formation 
position of the contact is intruded into the element 



isolation region by the reasons that the deviation of 
the positioning of a mask or the like occurs. This is 
because it causes the occurrence of the junction leak 
current in that portion or the lowering of the 
breakdown voltage of the element if the bit line 
contact penetrates the element isolation region. 

In the case of a semiconductor device without a 
silicon nitride film, as shown in FIG. 21, it xnay be 
possible that the contact hole 71 penetrate the element 
isolation region 5 6 since the insulating film of the 
element isolation region 56 is also etched when the 
interlayer insulating film 68 is etched at the time of 
opening the contact hole 71 for bit line contact. In 
this case, the portion where the bit line contact 63 
has intruded within the element isolation region 56 and 
formed is conducted to the element region 55, that is, 
an electric contact is made except for the contact on 
the source/drain diffusion layer 62/ and the 
characteristics of the transistor are damaged. 

These are the reasons why in general, upon the 
etching at the time when the contact hole 71 is opened, 
the etching is excessively performed to some extent 
that the contacn hole 71 is securely opened even if xhe 
variations of the process exist, and in general, sine 
the interlayer Insulating film and the insulating film 
of the element isolation region are formed with a 
silicon oxide film, it is difficult to selectively etch 



only the inrerlayer insulating film. Such a state 
possibly occurs when the width of the element region 
and the width of the bit line contact are close to each 
other. 

In order to prevent such a phenomenon, in a 
conventional semiconductor device, as described above, 
the silicon nitride film 67 is employed. Using thls^ 
in a miniaturized semiconductor device r the etching can 
be stopped on rhe silicon nitride film 67 once even if 
the deviation M of the positioning has occurred as 
shown in FIG. 36, by having made the etching at the 
time of opening the contact hole the selectivity of the 
silicon oxide fil^n and the silicon nitride film. 

Thus/ after the contact hole reaching the portion 
above the silicon nitride film 67 is opened, the 
silicon nitride film 67 is etched by changing the 
conditions for etching, and the silicon oxide film on 
the substrate is etched by farther changing the 
conditions, thereby the contact hole 71 located above 
the source/drain diffusion layer is completely opened. 

In this way, it can be prevented that the element 
isolation region 56 is largely etched by opening the 
bit line contact hole 71 for contact with the diffusion 
layer. In this way, it is prevented that the contact 
hole 71 penetrates the element isolation region 56 by 
the silicon nitride film 67 functioned as an etching 
stopper - 
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In a conventional semiconductoi: device as 
described above, the following problems occur. 

In a semiconductor meinory device using the 
conventional silicon nitride film, a large amount of 
hydrogen is contained in the silicon nitride film. If 
this hydrogen is incorporated into the silicon oxide 
filrtir the structure defect such as Si-H bonding or the 
like is easily occurred on the interface with the 
silicon substrate. The bonding energy of this Si~H 
bonding is weak as compared to the bonding energy of 
Si-O bonding. 

Here, in a non-volatile semicondactor memory 
device or the like, at the time of operating the memory 
writing/erasing, a strong electric field is applied 
between the control gate and the channel, tunnel 
current is flown to the gate insulating film, thereby 
executing the operation that the electric charge is 
implanted to or removed from tiie floating gate. In 
such an operation, if the tunnel current is flown near 
the gate insulating film, an electric stress is to be 
added. 

If a film having a large amount of hydrogen 
content exists in the vicinity of the gate insulating 
film, the structure defect such as Si-H bonding or the 
like tends to be easily occurred on the interface with 
the silicon substrate because the hydrogen is 
incorporated into the silicon oxide film. 



When this structural defect is cut down by an 
electric stress or the like, it acts as a trap for an 
electric charge. Particularly^ when this trap occurs 
on a silicon oxide film which Is a gate insulating 
filra, or on the post-oxidization film in the vicinity 
of the gate insulating film, or the like, it will cause 
the deterioration of the electric characteristics such 
as the variation of threshold voltage of the 
transistor, the lowering of breakdown voltage of the 
silicon oxide film or the like, 

Moreover, when the electric charge to the trap of 
the post-oxidization film covering the surface of the 
source/drain diffusion layer is captured, the diffusion 
layer near the surface of the substrate is depleted and 
as a result, a parasitic resistance of the source/drain 
is increased, the lowering of the on-current of the 
transistor may occur. 

Moreover, it is known in general that also in the 
silicon nitride film, a large number of traps with 
respect to the electric charge exist. Particularly, 
when the electric charge is captured by the trap of the 
silicon nitride film covering the surface of the 
source/drain diffusion layer, the diffusion layer near 
the surface of the substrate is depleted, as the 
result, the parasitic resistance of the source/drain is 
increased, the lowering of the on-current of the 
transistor may occur. 
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Moreover, when the elecrric charge is captured in 
the silicon nitride film near the gate insulating film, 
it will cause the deterioration of the electric 
characteristics such as the variation of the threshold 
5 voltage of the transistor, the lowering of the silicon, 

oxide film breakdown voltage » 

These problems is particularly significant when 
the gate length is smaller than about 0.2 jam. 
Specifically, it is significant when the ratio of the 
10 silicon oxide film, post^oxidization film and silicon 

nitride film in which traps occur near the gate 
insulating film occupying the entire gate is large. 

As described above, the silicon nitride film is 
needed for etching the contact hole/ while the adverse 
15 influence of the silicon nitride film is seen with 

respect to the electric characteristics. Therefore, it 
has been difficult to realize the enhancement of both 
of the yield and reliability of the semiconductor 
device . 

20 BRIEF SUMMARY OF THE INVENTION 

According to a first aspect of the present 
invention, there is provided a semiconductor device 
comprising a semiconductor substrate; a first gate 
electrode formed on the semiconductor substrate; a 

25 first diffusion layer formed in the semiconductor 

substrate, the first diffusion layer being provided 
under one of opposite side portions of the first gate 



elecrrode; a second diffusion layer formed in the 
semiconductor substrate, the second diffusion layer 
being under another one of the opposite side portions 
of the first gate electrode; a second gate electrode 
formed on the semiconductor substrate^ a side portion 
of the second gate elecrrode being provided on the 
second diffusion layer/ a first insulating film formed 
on the semiconductor substrate, the first Insulating 
film covering the first gate electrode^ the second gate 
electrode, the first diffusion layer and the second 
diffusion layer, a portion of the first insulating film 
being embedded between the first gate electrode and the 
second gate electrode, a thickness of a porrion of the 
first insulating film, which is provided on the first 
diffusion layer, being thinner than a thickness of the 
portion of the first insulating film, which is embedded 
between the first gate electrode and the second gate 
electrode, the first insulating film not containing 
nitrogen as a major component; a second insulating film 
formed on the first insulating film? an interlayer 
insulating film formed on the second insulating film, a 
major component of the interlayer insulating film being 
different from a ma^or component of the second 
insulating film; and a contact electrode connected to 
the first diffusion layer, the contact electrode being 
formed in the first insulating film, the second 
insulating film and the interlayer insulating film. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a cross sectional view raken along rhe 

line I-I in a plan view of FIG. 3 showing a 

semiconductor device according to a first embodiment of 

the present invention; 

FIG, 2 is a cross sectional view taken along the 

line Il-II in the plan view of FIG. 3 showing the 

semiconductor device according to the first embodiment 

of the present invention; 

FIG. 3 is the plan view showing the semiconductor 

device according to the first embodiment of the present 

invention; 

FIG* 4 is a cross sectional view showing one step 
of a method of manufacturing rhe semiconductor device 
according to the first embodiment of the present 
invention; 

FIG. 5 is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG, 6 is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according to rhe first embodiment of the present 
invention; 

FIG. 7 is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according to the first embodiment of the present 



invenrion? 

FIG. 8 Is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according to the first embodimeat of the present 
invention; 

FIG. 9 is a cross sectional view shoving one step 
of the method of manufacturing the semiconductor device 
according to the first embodiment of the present 
invention; 

FIG, 10 is a plan view showing a semiconductor 
device according to a second embodiment of the present 
invention; 

FIG, 11 is a cross sectional view taken along the 
line XI-XI in the plan view of FIG. 10 showing the 
semiconductor device according to the second embodiment 
of the present invention; 

FIG- 12 is a cross sectional view taken along the 
line XII-XII in the plan view of FIG. 10 showing the 
semiconductor device according to the second embodiment 
of the present invention; 

FIG- 13 is a cross sectional view showing a 
semiconductor device according to a third embodiment of 
the present invention; 

FIG. 14 is a Cross sectional view showing a 
semiconductor device according to a fourth embodiment 
of the present invention; 

FIG. 15 is a cross sectional view showing a 



semiconductor device according to a fifth embodiment of 
the present invention; 

FIG. 16 is a cross sectional view showing a 
semiconductor device according to a sixth embodiment of 
the present invention; 

FIG- 17 is a cross sectional view showing a 
semiconductor device according to a seventh embodiment 
of the present invention; 

FIG. IB is a cross sectional view shoving a 
semiconductor device according to an eighth embodiment 
of the present invention; 

FIG, 19 is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according to the eighth embodiment of the present 
invention; 

FIG. 20 is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according to the eighth embodiment of the present 
invention; 

FIG- 21 is a cross sectional view showing a 
semiconductor device according to a ninth embodiment of 
the present invention; 

FIG. 22 is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according to the ninth embodiment of the present 
invention; 

FIG. 23 is a cross sectional view showing one step 
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of the merhod of manuf acruring the semiconductor device 
according to the ninrh embodiment of the present 
invention; 

FIG. 24 is a cross sectional view showing a 
5 semiconductor device according to a tenth embodiment of 

the present invention; 

FIG. 25 is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according to the tenth embodiment of the present 
10 invention; 

PIG. 2 6 is a cross sectional view showing one step 
of the method of manufacturing the semiconductor device 
according "to the tenth embodiment of the present 
invention ; 

15 FIG- 27 is a cross sectional view showing one step 

of the method of manufacturing the semiconductor device 
according to the tenth embodiment of the present 
invention; 

FIG. 28 is a cross sectional view showing one step 
20 of the method of manufacturing the semiconductor device 

according to the tenth embodiment of the present 
invention; 

FIG- 29 is a cross sectional view showing a 
portion of a semiconductor device according to an 
25 embodiment of the present invention; 

FIG. 30 is a cross sectional view showing a 
portion of a conventional semiconductor device; 



FIG- 31 is a cross secrional view taken along rhe 
line XXXI^XXXI in a plan view of FIG. 33 showing a 
conventional semiconductor device; 

FIG- 32 is a cross sectional view taken along the 
line XXXII-XXXII in a plan view of FIG. 33 showing the 
conventional semiconductor device; 

FIG. 33 is a plan view showing the conventiional 
semiconductor device shown in FIGS. 31 and 32; 

FIG- 34 is a plan view showing one step of a 
method of manufacturing the conventional semiconductor 
device shown in FIGS- 31, 32 and 33; 

FIG. 35 is a cross sectional view showing one step 
of the method of manufacturing the conventional 
semiconductor device shown in FIGS- 31, 32 and 33; 

FIG- 36 is a cross sectional view showing one step 
of the method of manufacturing the conventional 
semiconductor device shown in FIGS. 31, 32 and 33; 

FIG. 37 is a cross sectional view showing a 
problematic point of etching a contact hole in the 
method of manufacturing the conventional semiconductor 
device shown in FIGS. 31, 32 and 33; and 

PIG. 38 is a cross sectional view at the time of 
etching a contact hole in the method of manufacturing 
the conventional semiconductor device shown in 
FIGS. 31, 32 and 33. 

DETAILED DESCRIPTION OF THE INVENTION 

Next, the embodiments of the present invention 



will be described below with reference zo rhe drawings. 
In the description of the following drawings^ the same 
or similar reference numerals and letters are attached 
to the same or similar portions. However^ the drawings 
are schematic ones, the relation between the thickness 
and rhe plane dimension, the rario of the thickness of 
each layer, and the like are different from the actual 
ones. Therefore, as for the concrete thickness and the 
dimension should be determined by considering the 
following description. Moreover, the different 
portions in the relation of sizes and ratios between 
the drawings are included. 
(First Embodiment} 

The present embodiment will be described below 
with reference to FIG. 1 through FIG, 9, The present 
embodiment is applied to a NAND flash memory, and it 
will be described below. A plan view of a NAND flash 
memory according to the present embodiment is shown in 
FIG. 3. A cross section taken along the line I-I in 
FIG. 3 is shown in FIG. 1, and a cross section taken 
along the line 11-11 in FIG. 3 is shown in FIG- 2. 

As shown in FIG. 3, B word lines 1 are arranged in 
parallel with each other and extend in the row 
direction. A drain side selecting gate 2 and a source 
side selecting gate 3 are formed in parallel with each 
other so as to sandwich the word lines 1 therebetween. 

A plurality of bit line wirings 4 are formed 
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perpendicularly ro the word lines 1, the drain side 
selecting gate 2 and the source side selecting gate 3. 

Element region 5 are formed under the bit line 
wirings 4, respectively • 
5 Element isolation regions 6 isolating the element 

regions 5 from each other are formed in parallel with 
the element regions 5- 

One bit line wiring 5, the 8 word lines 1, the 
drain side selecting gate 2, the source side selecting 
10 gate 3 and diffusion layers 18 between these selecting 

gates 2 and 3 make up one memory cell array. 

Here, a bit line contact 23 is formed in the 
element region adjacent to the drain side selecting 
gate. 

15 One memory cell array is adjacent to another 

memory cell array in the direction of the bit line 
wiring 5 at the side of the selecting gate 2 via a bit 
line contact 23. Furthermore, the memory cell array is 
adjacent to a further memory array in the direction of 

20 the bit line wiring 5 at the side of the selecting gate 

3 via a source line 22. 

In a cross sectional view shown in FIG. 1, 8 
memory cells in one memory cell array each have a 
memory cell gate 13 formed on a gate insulating film 12 

25 on the element region 5 in the well 11 are formed on 

the semiconductor substrate 10. Each memory cell gate 
electrode 13 has a floating gate electrode 14 whicn 
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becomes a charge accumulation layer, an inter-gate 
insulating film 15 formed on the floating gate 
electrode 14, a control gate electrode 16 formed on the 
inter-gate insulating fllra 15, and a gate it\ask film 17 
5 formed on the control gate electrode 16. The control 

gate electrode 16 of one memory cell gate 13 in a row 
is common to the control gate electrode of another 
memory cell gate 13 in the row and forms the word 
line 1- 

10 The memory cells are connected in series with each 

other via the source/drain diffusion layer regions 18 
formed in the element region 5. A HAND cell (memory 
cell unit) , which is one memory cell array, is formed 
of the series-^connected memory cells. 

15 Furthermore, a drain side selecting gate 2 is 

formed on the gate insulating film 12 on the left end 
of 6 memory cells. Although the drain side selecting 
gate 2 has a laminated layer structure similar to that 
of the memory cell gate 13, the width of the layers is 

20 larger than that of a memory cell gate- A bit line 

contact diffusion layer 20 is formed in the element 
region 5 on the side of the drain side selecting gate 
opposing to the memory cells. 

Furthermore, a source side selecting gate 3 is 

25 formed on the gate insulating film 12 on the right end 

of 8 memory cells. Although the source side selecting 
gate 3 has a laminated layer structure similar to that 
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of rhe memory cell gate 13^ the widxh of the layers is 
larger than that of the memory cell gate, and rhe width 
is the same as that of the drain side selecting gate. 

In FIG. I, a source line 22 is provided at a side 
of the source side selecting gate 3^ which is opposite 
to the memory cell gate side thereof, and the source 
line 22 is extended orthogonally to the direction of 
the surface of the drawing. The source line 22 is 
connected to NAND cells adjacent to each other in the 
row direction. 

A memory cell rransistor comprises each memory 
cell gate 13 and rhe diffusion layers 18 adjacent to 
the memory cell gate 13. 

Furthermore, a drain side selecting transistor 
comprises the drain side selecring gate 2, the 
diffusion layer 18 adjacent ro the drain side selecting 
gate 2 at the memory cell side, and the bit line 
contact diffusion layer 20. 

E\irthejrmore, a source side selecting transistor 
comprises the source side selecring gate 3, the 
diffusion layer 18 adjacent to rhe source side 
selecring gate 3 at the memory cell side^ and the 
source line 22- 

The memory cell transistors are connected to each 
other in series. The drain side selecting rransistor 
and the source side selecting transistors are connected 
to the NAND cells via the diffusion layers 18. In this 



way, the drain side selecting transistor and the source 
side selecting transistor are connected on the 
respective ends of the NAND cells in the bit line 
direction. 

Moreover, these selecting transist;ors are capable 
of applying a potential to the floating gate electrodes 
of these selecting gates, and function similarly to 
ordinary MOSFETs. 

Moreover, the bit line contact electrode 23 is 
formed on the bit line contact diffusion layer 20 on 
the side of the drain side selecting transistor 
opposing to the NAND cells. 

Here, the surface of each of rhe gates 13, 2 and 3 
is covered with a post-oxidization film 24. A first 
insulating filici 25 is formed on the post-oxidization 
film 24 and the gate oxide film 12. The thickness of 
the first insulating film 25 is, for example, about 0.1 
ixm or more, and the film does not contain nitrogen as 
the major component. The first insulating film 25 is 
formed so as to embed between the gate electrodes 13 of 
the memory cell transistors. A film containing a small 
amount of hydrogen and having fewer traps with respect 
to electric charges is suitable as the first insulating 
film 25. Far example, a silicon oxide film/ an 
dxynxtride film, an oxidized silicon nitride film can 
be used. 

A thickness of a portion of the first insulating 



film 2 5/ which is formed on rhe side portion of the 
selecting gate 2, is larger than half a distance 
between the memory cell gates. The side portion of the 
selecting gate 2 is opposite to another side portion of 
the selecting gate 2, which is adjacent to the memory 
cell gates- Similarly, a thickness of a portion of the 
first insulating film 25, which is formed on the side 
portion of the selecting gate 3^ is larger than half a 
distance between the memory cell gates. The side 
portion of the selecting gate 3 is opposite to another 
side portion of the selecting gate 3 which is adjacent 
to the memory cell gates. 

Now, the phrase *^to embed" means not only to 
completely embed, but also to embed but include a 
cavity or cavities, since the functions and effects are 
not changed even if it includes a cavity such as void 
inside thereof. 

Here, the distance between the gate electrodes is, 
for example, about 0,2 |4in, the width of the gate is 
about 0-2 urn, and the height is about 0,6 urn. 

The distance between the memory cell gates 13 is 
small, on the other hand, the distance between the 
selecting gates 2 sandwiching the bit line contact 23 
is large. Since the distance between the memory cell 
gates 13 greatly influences the area of the entire cell 
array, the distance is made small for reducing the area 
of the cell array. On the other hand, the distance 
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berween the selecting gates 2 of the memory cell arrays 
adjacent each other Is made large, since the bit line 
contact 23 is formed between the selecting gates 2. 

A second insulating film 26 is formed on the first 
5 insular ing film 25. The thickness of the second 

insulating film 26 is, for example, in the range of 
about 0-02 to 0,06 >im. Since the second insulating 
/ film 26 comprises mainly a nitride film and nitride 

functions as a hydrogen supplying source^ then the 
10 second Insulatij^g film 26 is desirable to be as thin as 

possible- The second insulating film 26 contains a 
larger amount of hydrogen than the first insulating 
film 25 and has a number of traps with respect to the 
electric charges. 
15 An interlayer insulating film 27 is formed on the 

second insulating film 26 • Here, the thickness of the 
interlayer insulating film 27 is about 0.1 14m to 
^ 0,3 urn- The interlayer insulating film 27 can be 

formed of BPSG (Boron Phosphorus Silicate Glass) . 
20 The bit line contact 23 is formed in the 

interlayer insulating film 27, the second insulating 
film 26, the first insulating film 25 and the gate 
oxide film 12, and connected to the bit line contact 
diffusion layer 20. 
25 A bit line 4 is formed on the interlayer 

insulating film 27. The bit lines ar formed in a form 
of bej.ng separated between the adjacent NAND cells in 
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( 



the row direction. 

The HAND cell is formed in a form that eight 
memory cell transistors are sandwiched between the two 
selecting gates, however^ the number of the memory cell 
5 transistors are not limited to eight, and may be 32, 

for example. 

Moreover, when the distance between the memory 
cell gates is about 0.2 jam or less, the effects of the 
present embodiment axe significant. 
10 Here, the well is P-type, and the source/drain 

diffusion layer is N-type, however, the well may be 
N-type, and the source/draln diffusion layer may be 
P-type, 

In the present embodiment, since the first 
15 insulating f±lm 25 is formed under the second 

insulating film 26 which functions an etching stopper 
at the time when the contact hole is fojrmed, then the 
distance between the memory cell gaites 13 is 
comparatively small. Thus, the portion between the 
20 memory cell gates 13 is completely embedded with the 

first insulating film 25. Moreover, since the distance 
between the selecting gates 2 Is larger than that 
between the memory cell gates 13, then ±t is not 
completely ejnbedded with first insulating film 25. 
25 The first insulating film 2 5 is formed in the same 

thickness on the gate electrodes 13, 2 and 3 and on the 
bit line contact diffusion layer 20, However, in some 
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cases, the thicKness formed on the side surfaces of the 
gate electrodes 13/ 2 and 3 is formed thinner or on the 
contrary, thicker than that of the first insulating 
film 25 formed on the upper surfaces of the gate 
electrode 13, 2 and 3 and on the semiconductor 
substrate. 

Next, in a cross sectional view shown ±n FIG. 2, 
the element isolation regions 6 are foirmed so as to 
divide the upper surface of the element region 5 formed 
in the well 11 on the semiconducror substrate 10. The 
bit line contact 23 is formed to the entire element 
region 5 sandwiched between the element isolation 
regions 6. The first insulating film 25 is formed on 
the element isolatiioa region 6, and the second 
insulating film 2 6 is formed on the first insulating 
film 25. The interlayer insulating film 27 is formed 
on the second insulating film 26. The bit line contact 
23 is formed in the interlayer insulating film 27, the 
second insulating film 26 and the second insulating 
film 25. The bit line wiring 4 is formed on the bit 
line contact 23. 

Here, although the upper surface of the element 
isolation region 6 is formed at the position higher 
than the upper surface of the element region 5, it may 
be formed at the position having the same height as the 
upper surface of the element region 5. 

As for a method of isolating an element, although 
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STI (Shallow Trench Isolation) is employed, other 
methods of isolating semiconductor elements, such as 
LOCOS (Local Oxidation of Silicon) or the like, can be 
used* 

5 In FIG. 2, it is desirable that the thickness of 

the first insulating film 25 on the element isolation 
region 6 is formed to be as thin as possible because 
the effect of an etching stopper Is large in the case 
where the misalignment of positioning of the contact 

10 occurs. 

In the semiconductor device of the present 
embodiment, the first insulating film 25 is formed 
under the second insulating film 26, thereby the 
influence of hydrogen in the second insulating film 26 

15 and the electric charge trapped in the second 

insulating film 2 6 on the electric characteristics of 
the transistor element can be reduced- Furthermore, 
there can be formed a semiconductor device having a 
high integration density in which there is no mis- 

20 contact to the element isolation region even if the 

distance between the memory cell gates is made small. 

Specifically, according to the semiconductor 
device of the present embodiment, since the 
deterioration of the electric characteristics such as 

2 5 the variation of threshold voltage of a transistor and 

the lowering of the breakdown voltage of the gate 
insulating film can be prevented while the process 



margin of the erching for forming the contact holes is 
enhanced, a semiconductor device with a high 
reliability and a high yield and a method of 
manufacturing the semiconductor device can be provided, 

Particularly in the memory cell transistor 
portion, the portion between the gate electrodes is 
embedded with the f±r3t insulating film 25 so that the 
second insulating film 26 does not exist near the gate 
oxide film 12 of the memory cell transistor. 

Therefore / the deterioration of the 
characteristics of the memory cell transistor can be 
prevented, and the enhancement of the reliability for 
the semicondactor device is obtained- 

Particularly in a non-volatile semiconductor 
device, the distance between the selecting gates of the 
memory cell arrays adjacent each other is larger than 
the distance between the word lines of each of the 
memory cell arrays, and the entire memory cell array is 
covered with a laminated layer film composed of an 
oxide film and a nitride film. Here, the portion 
between the word lines is embedded with only the first 
insulating film 25, and both the first insulating film 
25 and the second insialating film 2 6 are embedded in 
the portion between the selecting gates. 

Here, since no nitride film containing a large 
amount of hydrogen exists in the portion between the 
word lines, the variation of the cell characteristics 



caused by rrapping electrons in the nitride film can t>e 
prevented. Furrhermore, a high reliability and a high 
yield are obtained since rhe nitride film in the second 
insulating film 26 located on the first insulating film 
25 functions as a stopper at the time when the etching 
is performed upon the formation of the contact 
electrode between the selecting gates, 

Nexr, a met:hod of manufacturing the semiconductor 
device of the present en±)odiment will be described 
below with reference to FIG. 1 and FIG. 4 to FIG. 9. 

First, as shown in FIG. 1, the element region 5 
surrounded by the element isolation region (not shown) 
is formed on the semiconductor substrate 10 made of 
silicon^ and rhen rhe gare insularing film 12 is formed 
on the element region 5. Next, the floating gate 
electrode material 14 is deposited on th® gate 
insulating film 12. Furthermore, the inter-gate 
insulating film 15 is formed, and then the control gate 
electrode material 16 is deposited on the inter-gate 
insulating film 15. 

Furthermore, the gate mask film 17 which functions 
an etching mask when the gate etching is performed is 
deposited. Subsequently, the gate is patterned by a 
photolithography, and the gate mask material 17 is 
etched. Subsequently, the control gate electrode 
material 16, the inter-gate insulating film 15 and the 
floating gate electrode material 14 are etched with 
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respect to the gate mask film 17 in a self-aligned 
manner, wherelDy the memory cell gate 13 and the 
selecting gates 2 and 3 are formed. 

Next, as shown in FIG, 5, the post-oxidization fox 
recovering the damage at the time of the gate 
processing is performed to form the post-oxidization 
film 24 around the gate electrode having the laminated 
layer structure. 

jMext, as shewn in FIG, 6, in order to form the 
source/drain diffusion layer 18 and the bit line 
contact diffusion layer 20, an impurity implantation is 
performed. This impurity implantation may be performed 
following the post-oxidization or before the post- 
oxidization. Furthermore, it may be also performed 
after the formation of the first insulating film 
executed in the later step. 

Next, as shown in FIG. 6, the first Insulating 
film 25 is formed on the exposed portion. The first 
insulating film 25 is so formed as to completely embed 
between the memory cell gates 13 of the memory cell 
transistors, not to completely embed between the 
selecting gates 2, and not to completely embed between 
the selecting gates 3, The first insulating film 25 is 
flattened over the upper surfaces of the eight memory 
cell gates 13, the upper surface of the drain side 
selecting gate 2 adjacent to the memory cell gates 13 
and the upper surface the source side selecting gate 3 
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adjacent: ro the memory cell gates 13 and the spaces 
therebetween- Furthermore, the surface of the first 
insulating film 25 located on the area to be formed 
with the bit line contact is also flattened. Even if 
there is a cavity in the first insulating film 25, the 
cavity can be removed using a fluidiiation by oxidizing 
due to heating in the later step. 

Nexr^ as shown in FIG. 7, the second insulating 
film 26 is formed on the first insulating film 25. 
Furthermore, by depositing the interlayer insulating 
film 27 on the second insulating film 26 and by 
fluidizing the interlayer insulating film using a CMP 
method and by adding the heat treatment, the surface of 
the interlayer insulating film 27 is flattened and the 
portion between the selecting gates 2 and the portion 
between the selecting gates 3 are embedded with the 
interlayer insulating 27. 

Here, there may be a case that when the portion 
between the selecting gates 2 and the portion between 
the selecting gates 3 are embedded with the interlayer 
insulating 27, these portions can not be completely 
embedded only by depositing the interlayer insulating 
film 27. In this case, after the interlayer insulating 
film 27 is deposited, a heat treatment is added to 
fluidize the interlayer insulating film material so 
that the interlayer insulating film 27 can be embedded 
in the portions. In some cases, the fluidization of 
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the interlayer insulating film may be enhanced by 
performing this heating process in the oxygen 
atmosphere. 

Even if there are some cavities in the interlayer 
insulating film 21, the cavities can be also removed 
using a fluidization by adding the heat in the later 
step. As for an impurity diffusion layer which becomes 
a source/drain, its diffusion coefficient is increased 
by performing the heating step. 

As shown in FIG • 8, the flattening can be 
performed by polishing the interlayer insulating film 
27 using a CMP having the selectivity with respect to 
the second insularing film 26. The polishing is 
stopped on the second insulating film 26, and 
subsequently the interlayer insulating film is 
deposited again. In this way, the interlayer 
insulating film in the same shape as that shown in 
FIG- 7 can be formed. Here, the interlayer insulating 
film to tie deposited again may be identical with the 
material previously deposited or may be different. 
According to this method, since the flattening using a 
CMP method is stopped on the second insulating film 26, 
the ccntrollaJaility of the film thickness of the 
Interlayer insulating film can be enhanced, thereby the 
thickness of the interlayer insulating film can be 
precisely formed. 

After the interlayer insulating film 27 is 
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flattened as described above, a contact hole 30 for 
contact with the sourca/drain diffusion layer 20 of the 
memory cell portion is formed as shown in FIG. 9. The 
etching of the contact hole 30 is performed as follows. 
Firsts the Interlayer insulating film 27 having the 
selectivity with respect to the second insulating film 
2 6 Is subjected to etching. Next, the second 
insulating film 26, the first insulating film 25 and 
the gate oxide film 12 are etched in turn to expose the 
bit line contact diffusion layer 20. 

Next, as shown in FIG. 1, a metal such as 
aluminum, tungsten or the like or a semiconductor 
having a low resistance is embedded in the contact hole 
30 to form the bit line contact 23. After the 
formation of the bit line contact 23, a metal wiring is 
formed on the interlayer insulating film 27, thereby 
the bit line wiring 4 for connecting to the bit line 
contact 23 is formed, 

The cavity may be generated in the interlayer 
insulating film 27 and the first insulating film 25 
between the memory cell gate3 13 • 

Here, as the second insulating film 26, a film 
having an etching resistance against etching of the 
interlayer insulating film 21 at the time of forming 
the contact hole 30 is employed. For example, when a 
silicon oxide film is used as the interlayer insulating 
film 27, a silicon nitride film is used as the second 



insulating film 26. 

In the presenr embodiment:, as shown in FIG. 2 
and FIG, 3, ii: is designed so that the bit line contact 
23 has nearly no margin with respect to the element 
region 5. 

Specif ically, as shown in PIG. 3, the width of the 
bit line contact 23 is formed as same as thar of the 
element region 5- In some cases, the width of the bit 
line contact 23 may be formed larger than that of the 
element region 5. This is because that the area of a 
cell array is reduced as small as possible. 

In such a semiconductor device, when the formation 
position of the bit line contact 23 Is partially 
overlapped on the element isolation region 6 by the 
cause such as the misalignment of positioning of the 
mask or the like, it must be made so that the bit line 
contact 23 does not enter the element isolation region 
6- It is because this will cause a junction leak 
current in that portion, or the lowering of the element 
isolation breakdown voltage if the bit line contact 23 
penetrates the element isolation region 6. 

In the present embodiment, since the second 
insulating film 26 has the resistance against the 
etching of the interlayer insulating film 27, the 
etching for forming a contact hole can be stopped once 
on the second insulating film 26. 

In this way/ after the contact hole reaching the 



portion above the second insulating film 26 is formed, 
the second insulating film 26 is etched by changing the 
conditions of etching and the first insulating film 25 
and the gate oxide film 12 are etched by further 
changing the conditions, thereby forming the contact 
hole 30 of the portion located above the bit line 
contact diffusion layer 20. 

Moreover, when the a silicon nitride film is used 
as the second insulating film 26^ the silicon nitride 
film prevents boron, phosphorus and carbon contained in 
the interlayer insulating film 27 from diffusing into 
the element region. When such an impurity is diffused 
into the element region, it will cause the variation of 
the element characteristics. Since the diffusion 
coefficient is extremely small in the silicon nitride 
film, the diffusion can be blocked by the silicon 
nitride film. 

NJoreover, when an oxidization is performed after 
the formation of the second insulating film 26, there 
is a phenomenon that the diffusion of the impurities is 
accelerated and the distribution of the impurities is 
degraded when oxygen is diffused into the element 
region 5. However, since the diffusion of oxygen into 
the element region 5 can be prevented by employing a 
silicon nitride film for the second insulating film, 
the accelerated diffusion in the element region is 
prevented and tJie design of the distribution of the 



impurities can be facilitated. 

Moreover, since the portion between the selecting 
gates 2 and in the vicinity of the bit line contact 23 
is not completely embedded with the first insulating 
film 25/ the film thickness of the first insulating 
film 25 at that portion is thinner than that of first 
insulating film 25 berween the memory cell gates 13, 
Therefore, when the first insulating film 25 is etched 
for forming the bit line contact hole 30, even if the 
element isolation region is etched at the same time, 
the etching amount of the element isolation region can 
be suppressed small since the film thickness of the 
first insulating film 25 is thin. 

That is, since at the time when the contact is 
formed, the interlayer insulating film 27 is 
selectively etched, the etching is stepped on the 
second insulating film 26, Then, the second insulating 
film 26 is selectively etched. Therefore, the first 
insulating film 2 5 is etched independent from the film 
thicjcness of the interlayer insulating film 27. 

According to the method of manufacturing the 
semiconductor device of the present embodiment, the bit 
line contact can be formed with a high Integration 
density and a good controllability, and the adverse 
influence due to hydrogen to the transistor 
characteristics can be prevented. 
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(Second Embodin^ent j 

The second ejnbodiraenr will be described below with 
reference to FIG. 10 through FIG. 12. FIG, 10 is a 
plan view showing a semiconductor device of the present 
5 embodiment. FIG. 11 is a view showing a cross section 

taken along the line XI-XI in FIG. 10, and FIG. 12 is a 
view showing a cross section taken along the line 
XII-XII in PIG. 10. 

The present embodiment is different from the first 

10 embodiment in a form of drawing the bit line and the 

source line to the wiring. Since the forms in the 
other portions are similar to those of the first 
embodiment, the description will be omitted. 

In the first embodiment:, the bit line is Connected 

15 to the wiring via the bit line contact from the 

source/drain diffusion layer, and the source line is 
formed of the source/drain diffusion layer commonly 
connected to the element regions adjacent each other. 
In the present embodiment, as shown in FIG. 11, 

2 0 the bit line is connected from the bit line contact 

diffusion layer 20 via the via line contact 23 to a bit 
line connection section 35 by the first layer wiring, 
and further, via an inter-wiring contact 36 to a bit 
line 37 by the second layer wiring. 

25 On the other hand, the source line is connect from 

a source line contact diffusion layer 34 via a source 
line contact 38 to a source line 39 by the first layer 



wiring, and is connecred conutionly to rhe memory cell 
arrays adjacent each or her. This source line 39, rhe 
bir line connection section 35 and the inter-wiring 
contact 36 are covered with an inter-wiring insulating 
film 40^ and the bit line 37 is formed on inter-wiring 
insulating film 40. 

In a cross sectional view shown in FIG. 12, the 
plural element isolation regions 6 are formed so as to 
divide the upper surface of the element region 5 formed 
in the well 11 on the semiconductor substrate 10. Th 
bit line contact 23 is connected to the entire element 
region 5 sandwiched between the element isolation 
regions 6. 

The first insularing film 25 is formed on the 
element isolation region 6, and the second insulating 
film 26 is formed on the first insulating film 25. The 
interlayer insulating film 27 is formed on the second 
insularing film 26. The bit line contact 23 is formed 
in the interlayer insulating film 27, the second 
insulating film 26 and the first insulating film 25, 
The bit line contact 23 is connected to the bit line 
connection section 35, and further connected to the bit 
line 37 by the second layer wiring via the inter-wiring 
contact 36. 

The bit line connection section 35 and the inter- 
wiring contact 36 are covered with the inter-wiring 
insulating film 40. 
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In general, nhe sheet resistance of a wiring is 
smaller than tne sheen resistance of a diffuse layer^ 
therefore/ in the present embodiment, the electric 
resistance of the source line can be lowered than that 
5 of the first embodiment, and the high speed operation 

and the like are possible. 

Although the source line contact is formed in the 
present embodiment, it is possible that the bit line 
contact is not provided^ In this case, in the bit line 

10 section, the source/drain diffusion layers 20 of the 

element regions adjacent each other are commonly 
connected to each other, in tne same manner as the 
source line in the first embodiment. In this case/ the 
resistance of the source line can be reduced, 

15 (Third Embodiment) 

FIG. 13 shows a cross sectional structure of the 
present embodiment. This cross sectional view 
corresponds to the cross sectional view taken along the 
line I-I in FIG, 3. However, it is different from the 

20 first embodiment in that the post-oxidization film is 

not formed on the side surfaces of the memory cell gate 
electrode 13 ^ the drain side selecting gatd 2, and the 
source side selecting gate 3, Specifically, in the 
present embodiment, the first insulating film 2 5 is 

25 formed without performing the post-oxidization after 

the gate electrode is processed. In this case, the 
first insulating film 25 functions as an oxide film 



instead of the post-oxldizacion film. 

As for other structures except for ones described 
above, thesje are formed similar to the first 
embodiment . 

Even in such configuration, the effects can be 
obtained similar to those of the first embodiment. The 
characteristics of which the post-oxidization film is 
not formed on the side surface of each gate electrode^ 
which is one of the characteristics of the present 
embodiment can be also similarly applied to the second 
embodiment . 
{Fourth Embodiment) 

FIG- 14 shows a cross sectional structure showing 
the fourth embodiment of the present invention. This 
cross sectional view corresponds to the cross sectional 
view taken along the line I-I in FIG. 3. However, it 
is different from the first embodiment in that the 
first insulating film 25 is formed as a soft curved 
surface on the bit line contact diffusion layer 20 and 
the source diffusion layer 22. Therefore, the second 
insulating film 2 6 on the first insulating film 25 is 
also formed on the first insulating film 25 in a shape 
corresponding to the shape of the first insulating film 
25- Furthermore, the bottom surface of the interlayer 
insulating film 27 formed on the second insulating film 
2 6 is in a shape corresponding to the second insulating 
film 26, and other structures except for these are 



similar to those of the firsr embodimenr , 

In a method of manufacturing of the present 
embodiment, in step shown in FIG, 6/ after the first 
insulating film 25 is deposited, the first insulating 
film 25 is fluidized by adding the heat treatment, for 
example/ in the range from about 800°C to 900°C, the 
first insulating film 2S is embedded between the memory 
cell gate electrodes 13, between the memory cell gate 
electrode 13 and the drain side selecting electrode 2, 
between the memory cell gate electrode 13 and the 
source side selecting gate electrode 3, between the 
selecting gate electrodes 2, and between the selecting 
gate electrodes 3. In this case, the first insulating 
film 25 embedded between the selecting gate electrodes 
2 is formed so as to be lower than the height of the 
selecting gate electrodes 2. Similarly, the first 
insulating film 25 embedded between the selecting gate 
electrodes 2 is formed so as to be lower than the 
height of the selecting gate electrodes 3. 

Then, the second insulating film 26 is formed on 
the first insulating film 25. 

In this way, by adding the step of, after the 
first insulating film 25 is deposited, fluidizing the 
first insulating film 25, the narrower portion between 
the gate electrodes can be embedded with the first 
insulating film 25 and the miniaturization of the 
element is possible. 



That is, when rhe portion between the gate 
electrodes is small, the portion may be not embedded 
since a large cavity are made only if the insulating 
film is deposited • Here, the cavity may be embedded 
with the insulating film by fluidizing the insulating 
film by performing the heat treatment . 

Moreover, when the gate electrode is formed in a 
significant height comparing to the distance between 
the gate electrodes, a large cavity is easily generated 
in the first insulating film between the gate 
electrodes, however, in the present embodiment^ the 
cavity in the first insulating film thus generated can 
be embedded with the first insulating film. 

In the present embodiment, alrhough the film 
thickness of the first insulating film 25 on the gate 
electrode 13 of rhe memory cell transistor and the film 
thickness of the first insulating film 25 on the bit 
line contact diffusion layer 20 are different, the 
advantages can be obtained similar to those of the 
first embodiment • 

The present embodiment can be also applied to the 
structure providing the source line contact like that 
of the second embodiment . 

Moreover, the first insulating film 2 5 may be 
formed, for example, by a method of making the first 
insulating film In a shape like the present embodiment 
at rhe time of deposition, except for the method of 



fluicJizing the first insulating film 25 by the heat 
treatment after the deposition. 
(Fifth Embodiment) 

FIG. 15 shows a cross sectional structure showing 
the fifth embodiment of the present invention. This 
cross sectional view corresponds to the cross sectional 
View taken along the line I-I in FXG. 3. However, it 
is different from the first embodiment in that some of 
the distance portions between the memory cell gates 
contain voids. In other words, some of the distance 
portions between the memory cell gates are completely 
embedded by the first insulating film, however, some 
other distance portions between the memory cell gates 
are not completely embedded by the first insulating 
film and contain voids. For example, after forming the 
gates, when the first insulating film 25 are deposited 
by LPCVD (low pressure chemical vapor deposition) , the 
space portions between the gates may not be completely 
embedded by the first insulating film 25 and may 
contain the voids. With this embodiment, similar 
advantages as in the described embodiments can be 
obtained. 
(Sixth Embodiment) 

FIG. 16 shows a cross sectional structure showing 
the sixth embodiment of the present invention. This 
cross sectional view corresponds to the cross sectional 
view taken along the line I-I in FIG. 3. However, it 
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is different tzom rhe first einbodiruent in rhat all of 
the distance portions between the memory cell gates 
contain voids. In other words, no distance portions 
between rhe memory cell gates is completely embedded by 
5 the first insulating film. However^ with this 

embodiment, similar advantages as in the described 
embodiments can be obtained. 
(Seventh Embodiment) 

FIG- 17 shows a cross sectional structure showing 

10 the seventh embodiment of the present invention. This 

cross sectional view corresponds to the cross sectional 
view taken along the line I-I in PIG. 3, However^ it 
is different from the first embodiment in that the 
distance portions between the memory cell gates are not 

15 embedded by the first insularlng film 25 to a height 

equal ro a height of the memory cell gates, but to a 
heighr in the middle of the memory cell gates. 
However, with this embodiment, similar advantages as in 
the described embodiments can be obtained. 

20 (Eighth Embodiment) 

FIG, 18 shows a cross sectional structure showing 
the eighth embodiment of the present invention. This 
cross sectional view corresponds to the cross sectional 
view taken along the line I-I in FIG. 3- However, it 

25 is different from the first embodiment in that the 

first insulating film 25 is provided on the side 
surfaces of the gates. To realize this configuration. 



after forming rhe gates, the first insulating film 25 
is formed, as shown in FIG. 19. Then, the first 
insulating film 25 is subjected to etch-back by an 
anisotropic:: etching such as RIE (reactive ion etching), 
as shown in FIG. 20. With this embodiment, similar 
advantages as in the described embodiments can be 
obtained. 
(Ninth Embodiment) 

FIG. 21 shows a cross sectional structure showing 
the eighth embodiment of the present invention- This 
cross sectional view corresponds to the cross sectional 
view taken along the line I-I in FIG. 3- However^ it 
is different from the first: embodiment in that the 
first insulating film 2 5 does not remain on the upper 
surfaces of the gates. That is, no first insulating 
film is provided on the upper surfaces of the gates* 
To realize this configuration, after the first 
insulating film 25 is formed, as shown in FIG, 22, a 
CMP (Chemical mechanical polishing) process is 
performed to polish the first insulating film 25 until 
the upper surfaces of gates are exposed, as shown in 
FIG. 23. With this embodiment, similar advantages as 
in the described embodiments can be obtained, 
(Tenth Embodiment) 

FIG- 24 shows a cross sectional structure showing 
the tenth embodiment of the present invention. This 
cross sectional view corresponds to the cross sectional 



47 - 



view taken along the line I-I in FIG. 3, However, ir 
is different from the first embodiment in that the bit 
line contact has a self-alignment structure- That is, 
the bit line contact is self-aligned with the drain 
5 aide selecting gate. To realize this configuration^ 

after the gates are formed and then the first 
insulating film 25 is formed, as shown in FIG. 25, a 
^ portion of the first insulating film 25, in which the 

bit line contact is to be formed, is etched by a photo- 

10 lithography method, as shown in FIG, 26. After that, 

as shown in PIG. 27, the second insulating film 26 and 
the interlayer insulating film 27 are formed. 
Subsequently, as shown in FliS. 28, a contact hole for 
rhe bit line contact is formed in the gate insulating 

15 film 12, the second insulating film 2 6 and the 

interlayer insulating film 27 in self-aligned with the 
dra±n side selecting gate, and then, the bit line 
1 contact is formed in the contact hole. Wirh this 

embodiment r similar advantages as in the described 

20 embodiments can be obtained. Also, with this 

embodiment, the distance between the selecting gates is 
shortened, resulting in reduction of the element size. 

In the semiconductor devices, a parasitic 
capacitance is created between the floating gate 

25 electrodes of adjacent gates. The adjacent memory cell 

transistors are involved in interference due to the 
parasitic capacitance. To reduce the interference, it 



is desirable XLhaz rhe parasitic capacitance be as small 
as possible. As recent advancement of miniaturization 
of semiconductor elements, the distance between the 
adjacent gates is small and thus the influence of the 
parasitic capacitance is remarkable. 

In the embodiments, as shown in FIG- 29, when the 
first insulating layer 25 embedded between the gates is 
made of silicon oxide, the parasitic capacitance 
between the gates is small. Specifically, the specific 
dielectric constant of a silicon oxide film is smaller 
than that of a silicon nitride film used in a 
conventional semiconductor device. Hence, even if the 
distances between the gates is the same^ the parasitic 
capacitance between the gares in the semiconductor 
device of the embodiments is smaller than that of the 
conventional semiconductor device in which a silicon 
nitride film is used. 

As shoxm in FIG. 30, in a conventional 
semiconductor device, not only a silicon oxide film 65 
but also a silicon nitride film 67 are provided between 
the gates, and thus, the parasitic capacitance between 
the gates is larger than that in the semiconductor 
device of the embodiments in which the first insulating 
layer 25 embedded between the gates is made of silicon 
oxide alone, even when the distances between the gates 
is the same. 

In each embodiment, a cavity may exist in the 



first insulating film 25 embedding between the memory 
cell gate electrodes 13, between the memory cell gate 
electrode 13 and the drain side selecting gate 
electrode 2, between the memory cell gate electrode 13 
and the source side selecting gate electrode 3, between 
the drain side selecting gate electrode 2, and the 
source side selecting gate electrode 3, Even if the 
cavity exists, as long as the upper surface of the 
first insulating film 25 is closed, the second 
insulating film 26 is not embedded in the portion 
between the gate electrodes of the memory cell 
transistor, therefore, the effects of the present 
invention will not be changed. 

Moreover, the post^oxidizarion film 24 may be made 
by thermal oxidization as shown in the first 
embodiment, or alternatively, it may be made by 
depositing an oxide film or the like. Further, it is 
acceptable even without the post-oxidization film as 
shown in the third embodiment, 

Each embodiment can be carried out in an 
appropriate combination except for ones described 
above • 

Although each embodiment has been described by 
exemplifying a memory cell array in a NAND type EEPRM 
method, it can be also similarly applied to a 
semiconductor device having a AND type memory cell 
array, DiNOR type memory cell array or a transistor 



requiring a high inregrarion. 

Specifically, a atructure in which a plurality of 
gates are connecred in series and no contact exists 
between the gates can be applied. 

Particularly, it is preferable for a non-volatile 
semiconductor device which has a contact having no 
margin with respect to an element region and a strong 
electric stress as the tunnel current is flown is 
applied to the gate oxide film. 

According to the embodiments, since the 
deterioration of rhe electric characteristics such as 
the variation of threshold voltage of a transistor and 
the lowering of the breakdown voltage in the gate 
insulating film can be prevented while the process 
margin of the etching for opening the contact hole is 
enhanced r a semiconductor device with a high 
reliability and a high yield and a method of 
manufacturing the semiconductor device can be formed. 



